[Abstract] Injury to the central nervous system is characterized by damage that spreads from the initial point of impact into the surrounding adjacent tissue, in a phenomenon referred to as secondary degeneration. The optic nerve can be used to effectively model injury and secondary degeneration to white matter tracts. Partial transection of the dorsal aspect of the nerve leaves the ventral aspect initially undamaged but vulnerable to secondary degeneration, allowing study of tissue exclusively vulnerable to secondary degeneration. Thus the partial optic nerve transection model of secondary degeneration is a valuable tool to study the pathology of spreading damage following neurotrauma and can be used to assess potential efficacy of therapeutic strategies. has long been used as a model for CNS injury, particularly to white matter tracts, and the response to injury has been well characterized in a range of species, from fish where there is complete regeneration of severed retinal ganglion cell axons, to mammals where regeneration is abortive, and damage is compounded by the process of secondary degeneration (Harvey et al., 2006) . As a model, the optic nerve has many attractive features: it is a white matter tract that is accessible, the level of damage can be easily controlled, the associated neuronal cell bodies are in the eye and can easily be studied, downstream anatomical pathways are well described and the impact of damage or potential therapeutic intervention can be studied at the molecular, biochemical, histological and behavioral levels. As such, damage to the optic nerve can be used to study neurotrauma, secondary degeneration, regeneration, neuronal plasticity, and remote responses.
) and sterile cotton wool balls (in their autoclave bags), and two small Petri dishes ( Figure 3 ). 2. Administer the appropriate dose of anesthetic intraperitoneally (i.p.) using a 1 ml syringe fitted with a 27 gauge needle and place the rat into a separate cage during induction. Do not proceed until the animal shows no response to foot pinch test.
3. Prepare the head: by shaving with the small animal clippers. Long strokes are preferable, going from the front of the ears to midway between the eye and tip of the nose. Avoid damaging the whiskers. The shave needs to be close to the skin but not so close as to cause abrasion.
4. Wipe the surface of the bench to remove any loose fur and then remove as much clipped fur as possible from the animal's head, including the eyes, by first blowing (over a bin) and then by swabbing from front to back with swabs of cotton wool wetted with PBS until no fur is seen on the swab. This is important because bits of fur in the wound or on the cornea can cause irritation and inflammation.
5. Wrap the animal in bubble wrap to keep warm, using tape to secure the wrap and place on the Perspex animal support.
6. Once the area is cleaned of loose fur the surgical site is sterilized by triple swabbing alternately with 70% ethanol and Betadine. A small gauze swab is dipped in 70% ethanol, squeezed to eliminate excess liquid and wiped once in a naso-temporal direction along the shaved skull. This is followed by the same action with a betadine swab continuing with alternate applications until each has been administered three times finishing with a betadine wipe. It is important not to have the swabs too wet, as ethanol or betadine contacting the eyes can lead to damage and inflammation. Wait until the skin surface is dry before making an incision. 12. Keeping the blade of the scissors as close to the bone as possible, extend the opening nasally and temporally by cutting or by blunt dissection, i.e., pulling the connective tissue away from the bone with a push/pull action, grasping connective tissue at the margin of the eye with forceps (avoid damaging the eye itself) and pulling forwards whilst bracing against the bone with the scissors.
13. Use the scissors to cut slightly into the facial muscle at the temporal margin so that the eye is now easily accessible and can be gently pulled forward.
Note: There is a large blood vessel close to the bony ridge at the temporal side of the orbit. As the skin is pulled forwards, this stretches and moves further away from the bone. It is generally visible, so look for it and avoid it. There will be minor bleeding which can be addressed with small swabs of cotton wool or gauze.
14. You can now see lachrymal glands surrounded by membrane at the back of the eye and a ligament running on the surface that runs from the margin of the eye towards the back of the orbit. Small blood vessels run alongside this ligament. The ligament is cut with iridectomy scissors at the margin of the eye avoiding the blood vessels if possible.
15. The superficial lachrymal gland needs to be moved to the side. This is achieved by making a hole in the surrounding membrane at the nasal margin of the eye with the scissor tip and using an open blade of the scissors to tear the membrane along its margin. Small blood vessels will stretch if the dissection is 'blunt' rather than using the scissors to 'cut' and this is preferable.
www.bio-protocol.org/e3118 16. The lachrymal gland is then teased over to the nasal side whilst simultaneously stretching the membrane on the temporal side pulling with forceps. This allows the gland to be deflected and gives access to the underlying layers of extraocular muscle and deeper lachrymal glands.
17. The small blood vessels within the membrane should still be visible running across a thin layer of muscle. With hooked forceps pick up the muscle and carefully cut with scissors to create an opening that can be widened by opening the scissor blades. Little by little, work temporally along this muscle so that it is completely severed. There is another large blood vessel in the temporal orbit, so care is needed to avoid this. The underlying lachrymal gland will be visible. 21. Once you can see that there is space around the nerve, you can pass a fine cotton wool sling underneath. The sling is made by pulling a very small amount off a sterile cotton wool ball and twisting the threads together and back on itself so that there are no loose threads to get entangled around the nerve. This is going to support the nerve whilst making the cut but also helps to keep the lachrymal glands back.
Use two pairs of medium/fine forceps. Pick up the end of the sling with one pair of fine forceps and introduce the end to one side of the nerve (whichever suits your handedness) whilst holding the second pair of forceps in the space by the other side of the nerve. The end of the sling is gently pushed under one side of the nerve and is grasped by the other pair of forceps. Once grasped the sling is gently fed through using both forceps in a push-pull motion taking care not to expose the nerve to torsional forces. The sling usually absorbs liquid in the orbit and this helps to lubricate its passage beneath the nerve. Observe the nerve and check that it is not twisted (indicated by rotation of blood vessels). Drape the ends of the sling against the lachrymal glands to hold them back.
22. Increase the magnification of the microscope before using fine forceps to pick up the outer sheath overlying the optic nerve about 1-2 mm behind the optic nerve head. Try not to cut the larger blood vessels that are visible within the sheath. Using the finest spring-form iridectomy scissors, make a small cut longitudinally along the nerve; this can be extended by further cutting www.bio-protocol.org/e3118 23. Once the nerve parenchyma is exposed, withdraw the forceps and set the diamond knife to the desired depth of cut, determined by the protrusion of the diamond knife beyond the protective guard. This is adjusted using the Vernier scale on the barrel of the knife, each notch on the scale representing 10 µm ( Figure 6 ). In our hands, setting protrusion from the guard to 26. Cut the cotton sling close to the nerve with a pair of scissors (not fine) so that it may be withdrawn from either side without creating torsional forces on the nerve.
27. Observe the nerve in its natural position in the orbit and note any deviation of the cut from dorsal.
The sheath can be gently eased back over the nerve but is not sutured. 29. An internal suture may be put in place to close the orbit but generally is unnecessary as healing occurs naturally and very quickly and an internal suture is potentially another irritant.
Occasionally, and particularly in the inexperienced surgeon, the opening to expose the back of the eye may be larger and internal sutures may then be indicated. Should an internal suture be required, one or two individual sutures using #6 thread are placed through the original connective tissue cut to expose the orbit and the fine layer overlying the bone on the edge of the orbit. Finally close the skin using a #4 or #6 suture thread, ensuring that the skin is relaxed and not puckered, allowing for the fact that there will be minor swelling. Gently wipe the wound with sterile cotton wool to remove superficial blood. The lens becomes hypoxic and opaque although this generally reverses during recovery.
Practice improves both skill and speed. Bleeding during surgery can be reduced by using small cotton wool swabs.
2. Complications arising post recovery usually result from excess damage to the surrounding connective, muscle and lachrymal tissues causing inflammation. The eye may bulge out from the orbit, be misaligned or can become dull. There may be dried blood around the margin.
Reduced blood supply to the eye can cause retinal degeneration and opacity of the lens. Any blood within the eye is indicative of hemorrhage. were too tight. Stitches should be 'relaxed' to allow for the slight swelling that will occur. The ethics protocol should allow the animal to be re-anesthetized and re-sutured if necessary.
